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Abstract 
Music has the capacity to engage auditory, cognitive, motor, and emotional functions across cortical 
and subcortical brain regions and is relatively preserved in aging and dementia. Thus, music is a 
promising tool in the rehabilitation of aging-related neurological illnesses, such as stroke and 
Alzheimer disease. As the population ages and the incidence and prevalence of these illnesses rapidly 
increases, music-based interventions that are enjoyable and effective in the everyday care of the 
patients are needed. In addition to formal music therapy, musical leisure activities, such as music 
listening and singing, which patients can do on their own or with a caregiver, are a promising way to 
support psychological well-being during aging and in neurological rehabilitation. This review article 
provides an overview of current evidence on the cognitive, emotional, and neural effects of musical 
leisure activities both during normal aging and in the rehabilitation and care of stroke patients and 
people with dementia. 
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Introduction 
Our ability to perceive, produce, and enjoy music is considered a universal trait present in all cultures 
across history and with us throughout life, from early childhood to old age. For the human brain, 
music arguably ranks among the most powerful and diverse sensory, motor, cognitive, and emotional 
experiences. Today, musical leisure activities are highly widespread: most people engage with music 
daily, by listening, singing, dancing, or playing. A feature common to all these activities — and 
possibly the key reason why we are drawn to music — is the capacity of music to evoke and regulate 
emotions, provide enjoyment and comfort, and relieve stress [1]. Depending on our current 
psychological state and needs, music can serve different functions: it can energize or relax us, focus 
or distract us, help us remember or forget, isolate us from the environment or unite us with others. 
During the past years, these subjective experiences of the emotional and cognitive impact of music 
have received increasing experimental and scientific support that music evokes strong emotions [2], 
influencing our autonomic nervous system and neuroendocrine systems [3]; enhances cognitive 
functioning [4]; and activates the brain extensively, engaging multiple temporal, frontal, parietal, 
cerebellar, and limbic regions [5]. 
 Given the rapid aging of the world’s population and the increasing societal burden brought 
about by aging-related sensory, cognitive, and motor decline, interest has focused on the potential of 
music-based interventions to promote brain and cognitive reserve and emotional well-being during 
normal aging. Similarly, in response to the growing prevalence of many aging-related severe 
neurological illnesses, such as stroke and Alzheimer’s disease (AD), many music-based rehabilitation 
methods have been developed to enhance recovery or sustain functioning in the cognitive, motor, 
language, emotional, or social domain. Broadly speaking, these music interventions can be classified 
as music therapy, implemented by a trained music therapist and following an established music 
therapy protocol, or other music-based interventions, comprising musical activities implemented by 
other professionals (e.g., nursing staff), the patients themselves, or family caregivers. Both formal 
music therapy and other music-based interventions can involve active/expressive (music playing, 
singing, dancing) and receptive (music listening) musical components. However, the key difference 
is that in music therapy, the components are performed within a therapeutic relationship, which 
typically evolves during the intervention and utilizes musical dialogue and interaction between the 
therapist and client, to accomplish individualized goals [6]. 
 Recent reviews have examined the effects of formal music therapy in stroke [7] and dementia 
[8]. This article focuses on other music-based interventions and provides an overview of current 
research on the effects of musical leisure activities, such as music listening, singing, instrument 
playing, and dancing, on cognitive, emotional, and neural functioning during normal (healthy) aging 
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and in the care and rehabilitation of people with aging-related neurological diseases, particularly 
stroke and dementia. 
 
Musical activities during healthy aging 
Emotional and social impact of musical activities 
Although the emotional and social impact of music in adolescence as a means for constructing the 
self-identity, forming interpersonal relationships, and dealing with stress and negative emotions is 
often emphasized, music continues to play an important role also in adulthood and old age as a way 
for regulating mood; evoking memories; maintaining self-esteem, competence, and independence; 
and reducing feelings of loneliness and isolation [1,9]. This latter function is of paramount importance 
given that loneliness and low social participation are known to be associated with incident dementia 
[10]. Music listening is a common, everyday leisure activity for older adults that is linked to positive 
emotions and contributes to psychological well-being [11]. Recently, participatory group musical 
activities, especially community or choir singing, have received increasing interest as potential ways 
to maintain health and psychological well-being during aging [12-15]. 
 Questionnaire and interview studies of healthy older adults participating in community choirs 
have reported the self-perceived benefits of choir singing linked to better quality of life (QoL), less 
depression, and satisfaction with health [12], bringing about enjoyment, cognitive stimulation, better 
physical and mental health, and increased social interaction. Similarly, in a non-randomized 
longitudinal study, Cohen et al. [13] compared 90 older adults participating in a 30-week choir 
program with 76 control older adults over a 12-month period and found choir singing associated with 
better self-rating of health and morale, less loneliness, and improved level of activity. Recently, the 
long-term efficacy of community singing was evaluated in a randomized controlled trial (RCT) in the 
United Kingdom. In this pioneering RCT, Coulton et al. [14] followed a large group (n = 258) of 
healthy older adults, half of whom participated in 3-month community singing intervention for 6 
months, by using measures of QoL, mood, and health utility. The singing intervention had a long-
term positive effect on health-related QoL and a short-term positive effect on mental health-related 
QoL, anxiety, and depression [14]. Overall, singing was reported to be more cost-effective than usual 
activities [14]. Also, qualitative analysis of the subjective experiences of the participants provided 
converging results that the singing groups led to better physical, psychological, social, and 
community well-being [15]. 
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Cognitive and motor impact of musical activities 
By inducing positive affect and heightened arousal, exposure to music (often with fast tempo and in 
major mode) can temporarily enhance cognitive performance, also in older people. Studies comparing 
the short-term effects of background music versus no music in older adults have reported enhanced 
performance in tasks of psychomotor speed [16], verbal fluency [17], and episodic memory [16,18] 
induced by the music. In contrast, one study reported that background music had a distractive effect 
on cognitive performance in a visual associative memory task in older adults [19]. Also, the cognitive 
effects of regular musical activities have recently been the focus of active study. Older people who 
had long-term musical training earlier in life have been found to have faster performance and neural 
timing in language tasks [20] as well as enhanced auditory attention [21] and executive function, 
including working memory and cognitive control [22]. 
 Similarly, instrumental musical training, such as learning to play a piano, or music-based 
cognitive training in old age has been found to improve performance on attention and executive tasks 
[23,24] as well as enhance mood and QoL [21]. Recently, a 6-month weekly dance intervention was 
found to improve posture, motor and tactile performance, cognitive function, and subjective well-
being in older people [25]. The association between musical activity and cognitive well-being was 
also found in large prospective cohort study (n = 469) of people ≥ 75 years [26] that assessed the 
relationship between different leisure activities and risk of dementia. Risk of dementia was reduced 
with the leisure activities reading and playing board games as well as playing musical instruments 
and dancing [26]. Taken together, musical leisure activities seem to be clearly beneficial for seniors 
and may be an effective means to combat age-related cognitive decline. 
 
Musical activities in aging-related neurological diseases 
Musical activities in stroke 
Aesthetic and cultural leisure activities, such as listening to music or dancing, are important for stroke 
survivors, but unfortunately, stroke patients are often not able to participate in these activities because 
of health issues or inaccessibility of services. Even in rehabilitation centres, stroke patients typically 
spend 50% to 70% of their daily time not engaged in therapeutic activities or social interaction [27], 
and many patients consider that their rehabilitation needs are not properly met. During the last 10 
years, there has been growing interest in the application of musical activities to support cognitive, 
motor, and emotional recovery from stroke and enhance brain plasticity during the recovery period. 
 Among different everyday musical activities, self-implemented music listening is perhaps 
most easily applicable in the rehabilitation setting. Särkämö et al. [28-31] performed a parallel-group 
RCT comparing the long-term effects of a 2-month daily music listening intervention to an audio-
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book listening intervention and standard care in 60 patients with acute stroke. Both the audio book 
and music material was self-selected and the listening was self-implemented with portable players, 
with the help of music therapists, family members, and nursing staff. The music material comprised 
mostly songs with lyrics that were familiar to and preferred by the patients. The outcome was assessed 
with neuropsychological tests and mood questionnaires as well as auditory magnetoencephalography 
(MEG) measurements and structural MRI (sMRI) performed at acute, 3-month, and 6-month post-
stroke stages. In a 6-month follow-up, music listening was superior to audio-book listening and 
standard care in improving the recovery of verbal memory and focused attention and reducing 
depression and confusion [28] and in increasing positive mood, relaxation, and motor activity [29]. 
Using MEG and voxel-based morphometry analyses of sMRI data, these behavioural gains with 
music listening were also linked functionally to enhanced neural efficiency of auditory encoding, as 
indicated by stronger mismatch negativity (MMN) responses [30], and structurally to increased grey 
matter volume in spared prefrontal (superior frontal gyrus) and limbic (anterior cingulate, ventral 
striatum) regions [31]. 
 In addition to the generic effects of daily music listening, recent studies explored the use of 
music-based interventions specifically targeted to the rehabilitation of different cognitive, language, 
and motor deficits caused by stroke. In 2 small within-subject studies, listening to pleasant music was 
reported to temporarily alleviate the leftward attentional bias associated with spatial neglect syndrome 
compared with listening to unpleasant music and no music [32,33], most likely owing to the mood- 
and arousal-enhancing effect of enjoyable music. Playing musical scales with a keyboard from right 
to left was recently found to improve the exploration of left side of space in neglect patients in a 
within-subject case–control study [34]. Music-supported training (MST), whereby patients train by 
playing keyboard and drum pads, could improve fine and gross motor skills and movement 
parameters of the hemiparetic upper extremity and improve mood in stroke patients in parallel-group 
RCTs [35-37] and case–control studies [38,39]. In the brain, these effects were coupled with increased 
motor cortical excitability as measured by transcranial magnetic stimulation [38] and improved 
connectivity and functioning of motor cortical areas, as evidenced by changes in event-related 
desynchronization/synchronization on electroencephalography [35] and activity changes in 
functional MRI (fMRI) motor and music listening tasks [39]. 
 For aphasic stroke patients, melodic intonation therapy (MIT), whereby the patient trains 
speech production via singing intonation and rhythmic tapping, was found to improve verbal 
expression (e.g., continuous speech, repetition, and naming) in case reports [40,41] and in one small 
cross-over RCT [42]. These gains have also been linked to enhanced activation of right-hemisphere 
frontal speech-motor regions [40] and increased right frontotemporal structural connectivity, as 
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indicated by changes in the fractional anisotropy of the right arcuate fasciculus [43]. In addition to 
aphasia, singing-based interventions have been used in dysarthria, a relatively common motor speech 
disorder after stroke, with 2 small within-subject studies reporting benefits in speech motor 
coordination (e.g., respiration and articulation) and prosody [44] and in speech intelligibility and 
naturalness [45]. 
 Group-based music interventions have received much interest; these have the added value of 
being more widely applicable and involving a social interaction element as compared with individual-
based methods. The MST protocol has been found equally effective motorically and emotionally 
when applied in individual and pair settings [37]. Also, the effects of choir singing have recently been 
explored in 3 small pilot studies. Stroke and Parkinson disease patients perceived participating in a 
community choir as qualitatively helpful in the self-management of the social and emotional 
consequences caused by the illnesses (e.g., social isolation, low mood, and communication deficits) 
[46]. In a within-subject study [47], 13 aphasic stroke patients reported reduced psychological distress 
and enhanced confidence, mood, motivation, and communication after weekly participation in a 
community choir. Recently, in a pilot parallel-group RCT of 23 chronic aphasic patients, Zumbansen 
et al. [48] compared the effects of weekly choir and drama group interventions to standard care. No 
significant outcome effects were observed for the interventions, but the level of attendance at the 
social activities was linked to improved functional communication, and the protocol was found 
feasible. 
 
Musical activities in dementia 
Given the markedly increasing prevalence of AD and other dementia illnesses and the associated 
growth in individual suffering, caregiver burden, and societal costs, there is a pressing need for 
effective ways to support the cognitive, emotional, and social functioning in this population, both in 
people with dementia (PWDs) and their family members and caregivers. Importantly, music-induced 
emotions and memories are often preserved even in more advanced stages of dementia [49], possibly 
because of the relative preservation of medial frontal and limbic areas in AD [50], which enables the 
therapeutic use of music across the dementia spectrum, from mild cognitive impairment to severe 
dementia. 
 Regarding the immediate effects of music in PWDs, pleasant and stimulating background 
music has been found to temporarily reduce anxiety [51] as well as enhance awareness [52] and 
cognitive performance in tasks of episodic (autobiographical) memory [51,53] and verbal fluency 
[17]. AD patients have also been shown to better recall verbal material presented in a musical (as 
song lyrics) versus spoken context [54]. In addition, a number of small-scale intervention studies of 
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PWDs with moderate-severe dementia residing in a long-term care facility have assessed the 
emotional and social impact of caregiver-implemented musical leisure activities, primarily using the 
listening of individualized (preferred) music, over a short time period (days or weeks). These studies 
and have reported short-term beneficial effects of music on anxiety [55], agitation [56], and positive 
social behaviors and interaction [57]. Although a few studies have reported no significant benefits of 
musical activities on neuropsychiatric symptoms as compared with another control intervention [58] 
or standard care [59] in moderate–severe dementia, overall, the evidence seems to suggest that 
exposure to music has an immediate positive emotional and cognitive effect and that songs may 
function as a mnemonic aid in dementia. 
 In addition to music intervention studies in more advanced dementia, recent interest has 
focused on the efficacy in earlier stages of dementia. Särkämö et al. [60-62] performed a parallel-
group RCT in 89 PWDs with mild-moderate dementia and their caregivers (family members and 
nurses), comparing the short- and long-term efficacy of two 10-week music interventions that focused 
on coaching the caregivers of PWDs to use either regular singing or listening of familiar songs with 
the PWD at home or in a care unit to standard care. The music coaching intervention entailed 
identifying which songs were emotionally and autobiographically most important to the PWD and 
instructing the caregivers on how to use music with the PWD in everyday life for different purposes 
(e.g., relaxation, reminiscence, and vitalization). Also, regular musical “homework” was included to 
root the activity to the everyday home setting. The outcome was assessed by neuropsychological tests 
and mood and QoL questionnaires performed at baseline, after the intervention, and 6 months later. 
Both singing and music listening could help maintain general cognition (Mini-Mental State 
Examination) and executive function and alleviate depression [60]. However, singing was more 
effective than music listening or standard care in enhancing working memory and episodic 
(autobiographical) memory, especially in PWDs with mild dementia, and in reducing the 
psychological stress and burden experienced by caregivers [60,61]. The positive effects of music on 
depression were also more prominent in PWDs with mild AD-type dementia [61], and the authors 
found a partly different pattern of emotional benefits in the 2 music interventions: music listening 
was more calming and relaxing (reducing agitation), whereas singing was more energizing and 
refreshing (reducing fatigue) as compared with standard care [62]. 
 Regarding the cognitive effects of singing, converging results have recently been obtained in 
2 non-RCT group studies. Maguire et al. [63] reported that 4 months of regular group singing but not 
music listening improved performance on tests of general cognition and visuospatial processing in 
PWDs. Similarly, Satoh et al. [64] found that psychomotor speed and mood were improved in PWDs 
after a 6-month karaoke-based singing training program. These effects were coupled with decreased 
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parietal activation in an fMRI karaoke task, which suggests improved neural efficiency of cognitive 
processing [64]. Regarding the social perspective singing, a recent qualitative study [65] of 17 PWD–
caregiver couples participating in group singing together suggested that PWDs and caregivers may 
benefit from the singing activity independently (e.g., supporting identity and confidence in PWDs 
and providing enjoyment and liberation in caregivers) and that the activity also had a positive 
relational impact for them as a couple (e.g., enhancing togetherness). 
 
Concluding remarks 
From the studies reviewed above, there is now emerging evidence that musical leisure activities or 
music-based interventions performed outside a formal music therapy context can have many potential 
benefits for cognitive, motor, emotional, and social functioning for both normal aging and for older 
people with debilitating neurological illnesses, including stroke and dementia. 
 Music listening has an enhancing effect on mood and arousal, which can temporarily improve 
cognitive performance in attention or memory tasks in healthy older adults as well as in stroke patients 
with neglect and in PWDs. Our own RCT studies indicate that when music listening is regular and 
frequent, it can facilitate cognitive, emotional, and neural recovery after stroke and support cognitive 
functioning, mood, and QoL in people with mild–moderate dementia. Active musical hobbies, such 
as playing an instrument, singing or dancing, can enhance executive functions, mood, or QoL in 
healthy older adults. As such, regular musical activities hold much promise for maintaining better 
mood and for QoL and offset the gradual cognitive and neural decline associated with normal aging. 
 Active playing- or singing-based interventions have shown promising effects in stroke 
rehabilitation for improving upper-extremity motor recovery, speech production, and mood and also 
have potential applications in the rehabilitation of neglect syndrome. In PWDs, the specific impact 
of musical activities seems to depend on the severity of dementia symptoms: positive effects on 
neuropsychiatric symptoms such as agitation and social interaction are seen with more advanced 
(severe) dementia, whereas the cognitive benefits of music, such as on working memory, are so far 
limited to singing-based group interventions for people with mild–moderate dementia. 
 Overall, although positive findings from individual small studies are converging to support 
the use of music in neurological care and rehabilitation and in supporting neurocognitive aging, the 
conclusions that can be drawn regarding the clinical efficacy of music-based interventions are still 
limited because of the variable methodological quality of the published studies, especially in adhering 
to the Consolidated Standards of Reporting Trials criteria (e.g., randomization, concealment of 
participant allocation, blinding, reliability and validity of outcome measures, sample size, statistical 
analyses, sufficient duration of intervention and follow-up). Among the 29 longitudinal music 
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intervention studies included in the present review, only 12 used a proper RCT design. In future, large 
and high-quality RCTs are needed to build a more solid clinical evidence base and to establish the 
use of music more widely in rehabilitation and care units. 
 There is also a call for clinical music intervention studies combining behavioural outcome 
measures with neurophysiologic and -endocrinologic markers as well as structural and functional 
neuroimaging methods that can better elucidate the neural mechanisms underlying the efficacy of 
music interventions and, eventually, help target the interventions at the individual level for different 
neurological disorders. With regard to neurocognitive aging, one of the key questions for future 
research that has not yet been addressed in any large-scale trial with long-term (many years) follow-
up is whether the combination of cognitive, motor, and social stimulation provided by active music 
interventions could have a neuroprotective effect for neurodegenerative diseases and whether it could 
slow the progression of cognitive symptoms in the early stages of dementia. 
 
Conflicts of Interest The author declares no conflict of Interest. 
 
Acknowledgements 
I thank Dr. Mari Tervaniemi for valuable comments on the manuscript. This work was supported by 
a grant from the Academy of Finland (project no. 299044). 
References 
[1] Saarikallio S. Music as emotional self-regulation throughout adulthood. Psychol Music 2011; 39: 
307–27. 
[2] Zentner M, Grandjean D, Scherer KR. Emotions evoked by the sound of music: characterization, 
classification, and measurement. Emotion 2008; 8: 494–521. 
[3] Chanda ML, Levitin DJ. The neurochemistry of music. Trends Cogn Sci 2013; 17: 179–93. 
[4] Benz S, Sellaro R, Hommel B, Colzato LS. Music makes the world go round: the impact of 
musical training on non-musical cognitive functions – a review. Front Psychol 2016; 6: 2023. 
[5] Zatorre RJ, Salimpoor VN. From perception to pleasure: music and its neural substrates. Proc 
Natl Acad Sci U S A 2013; 110: 10430–7. 
[6] American Music Therapy Association. Available at: http://www.musictherapy.org/ 
[7] Magee WL, Clark I, Tamplin J, Bradt J. Music interventions for acquired brain injury. Cochrane 
Database Syst Rev 2017; 1: CD006787. 
[8] Vink AC, Bruinsma MS, Scholten RJ. Music therapy for people with dementia. Cochrane 
Database Syst Rev. 2011; 3: CD003477. 
10 
 
[9] Hays T, Minichiello V. The meaning of music in the lives of older people: a qualitative study. 
Psychol Music 2005; 33: 437–51. 
[10] Kuiper JS, Zuidersma M, Oude Voshaar RC, Zuidema SU, van den Heuvel ER, Stolk RP, et al. 
Social relationships and risk of dementia: a systematic review and meta-analysis of longitudinal 
cohort studies. Ageing Res Rev 2015; 22: 39–57. 
[11] Laukka P. Uses of music and psychological well-being among the elderly. J Happiness Stud 
2007; 8: 215–241. 
[12] Johnson JK, Louhivuori J, Stewart AL, Tolvanen A, Ross L, Era P. Quality of life (QOL) of 
older adult community choral singers in Finland. Int Psychogeriatr 2013; 25: 1055–64. 
[13] Cohen GD, Perlstein S, Chapline J, Kelly J, Firth KM, Simmens S. The impact of professionally 
conducted cultural programmes on the physical health, mental health, and social functioning of 
older adults. Gerontologist 2006; 46: 726–34. 
[14] Coulton S, Clift S, Skingley A, Rodriguez J. Effectiveness and cost-effectiveness of community 
singing on mental health-related quality of life of older people: randomised controlled trial. Br J 
Psychiatry 2015; 207: 250–5. 
[15] Skingley A, Martin A, Clift S. The contribution of community singing groups to the well-being 
of older people: participant perspectives from the United Kingdom. J Appl Gerontol 2016; 35: 
1302–1324. 
[16] Bottiroli S, Rosi A, Russo R, Vecchi T, Cavallini E. The cognitive effects of listening to 
background music on older adults: processing speed improves with upbeat music, while memory 
seems to benefit from both upbeat and downbeat music. Front Aging Neurosci 2014; 6: 284. 
[17] Thompson RG, Moulin CJ, Hayre S, Jones RW. Music enhances category fluency in healthy 
older adults and Alzheimer's disease patients. Exp Aging Res 2005; 31: 91–99. 
[18] Ferreri L, Bigand E, Perrey S, Muthalib M, Bard P, Bugaiska A. Less effort, better results: how 
does music act on prefrontal cortex in older adults during verbal encoding? an NIRS study. Front 
Hum Neurosci 2014; 8: 301. 
[19] Reaves S, Graham B, Grahn J, Rabannifard P, Duarte A. Turn off the music! Music impairs 
visual associative memory performance in older adults. Gerontologist 2016; 56: 569–77. 
[20] Bidelman GM, Alain C. Musical training orchestrates coordinated neuroplasticity in auditory 
brainstem and cortex to counteract age-related declines in categorical vowel perception. J 
Neurosci 2015; 35: 1240–9. 
[21] Zendel BR, Alain C. Enhanced attention-dependent activity in the auditory cortex of older 
musicians. Neurobiol Aging. 2014; 35: 55–63. 
11 
 
[22] Hanna-Pladdy B, MacKay A. The relation between instrumental musical activity and cognitive 
aging. Neuropsychology 2011; 25, 378–86. 
[23] Bugos JA, Perlstein WM, McCrae CS, Brophy TS, Bedenbaugh PH. Individualized piano 
instruction enhances executive functioning and working memory in older adults. Aging Ment 
Health 2007; 11: 464–71. 
[24] Seinfeld S, Figueroa H, Ortiz-Gil J, Sanchez-Vives MV. Effects of music learning and piano 
practice on cognitive function, mood and quality of life in older adults. Front Psychol 2013; 4: 
810. 
[25] Kattenstroth JC, Kalisch T, Holt S, Tegenthoff M, Dinse HR. Six months of dance intervention 
enhances postural, sensorimotor, and cognitive performance in elderly without affecting cardio-
respiratory functions. Front Aging Neurosci 2013; 5: 5. 
[26] Verghese J, Lipton RB, Katz MJ, Hall CB, Derby CA, Kuslansky G, et al. Leisure activities and 
the risk of dementia in the elderly. N Engl J Med 2003; 348: 2508–16. 
[27] De Wit L, Putman K, Dejaeger E, Baert I, Berman P, Bogaerts K, et al. Use of time by stroke 
patients: a comparison of four European rehabilitation centers. Stroke 2005; 36: 1977–83. 
[28] Särkämö T, Tervaniemi M, Laitinen S, Forsblom A, Soinila S, Mikkonen M, et al. Music 
listening enhances cognitive recovery and mood after middle cerebral artery stroke. Brain 2008; 
131: 866–76. 
[29] Forsblom A, Särkämö T, Laitinen S, Tervaniemi M. The effect of music and audio book listening 
on people recovering from stroke: the patient’s point of view. Music Med 2010; 2: 229–34. 
[30] Särkämö T, Pihko E, Laitinen S, Forsblom A, Soinila S, Mikkonen M, et al. Music and speech 
listening enhance the recovery of early sensory processing after stroke. J Cogn Neurosci 2010; 
22: 2716–27. 
[31] Särkämö T, Ripollés P, Vepsäläinen H, Autti T, Silvennoinen HM, Salli E, et al. Structural 
changes induced by daily music listening in the recovering brain after middle cerebral artery 
stroke: a voxel-based morphometry study. Front Hum Neurosci 2014; 8: 245. 
[32] Soto D, Funes MJ, Guzmán-García A, Warbrick T, Rotshtein P, Humphreys GW. Pleasant music 
overcomes the loss of awareness in patients with visual neglect. Proc Natl Acad Sci U S A 2009; 
106: 6011–6. 
[33] Chen MC, Tsai PL, Huang YT, Lin KC. Pleasant music improves visual attention in patients with 
unilateral neglect after stroke. Brain Inj 2013; 27: 75–82. 
[34] Bernardi NF, Cioffi MC, Ronchi R, Maravita A, Bricolo E, Zigiotto L, et al. Improving left 
spatial neglect through music scale playing. J Neuropsychol 2017; 11: 135–58. 
12 
 
[35] Altenmüller E, Marco-Pallares J, Münte TF, Schneider S. Neural reorganization underlies 
improvement in stroke-induced motor dysfunction by music-supported therapy. Ann N Y Acad 
Sci 2009; 1169: 395–405. 
[36] Schneider S, Münte TF, Rodríguez-Fornells A, Sailer M, Altenmüller E. Music-supported 
training is more efficient than functional motor training for recovery of fine motor skills in stroke 
patients. Music Percept 2010; 27: 271–80. 
[37] Van Vugt FT, Ritter J, Rollnik JD, Altenmüller E. Music-supported motor training after stroke 
reveals no superiority of synchronization in group therapy. Front Hum Neurosci 2014; 8: 315. 
[38] Grau-Sánchez J, Amengual JL, Rojo N, Veciana de Las Heras M, Montero J, Rubio F, et al. 
Plasticity in the sensorimotor cortex induced by Music-supported therapy in stroke patients: a 
TMS study. Front Hum Neurosci 2013; 7: 494. 
[39] Ripollés P, Rojo N, Grau-Sánchez J, Amengual J, Càmara E, Marco-Pallarés J, et al. Music 
supported therapy promotes motor plasticity in individuals with chronic stroke. Brain Imaging 
Behav 2016; 10: 1289–307. 
[40] Schlaug G, Marchina S, Norton A. From singing to speaking: why singing may lead to recovery 
of expressive language function in patients with Broca's aphasia. Music Percept. 2008; 25: 315–
23. 
[41] Zumbansen A, Peretz I, Hébert S. The combination of rhythm and pitch can account for the 
beneficial effect of melodic intonation therapy on connected speech improvements in Broca’s 
aphasia. Front Hum Neurosci. 2014; 8: 592. 
[42] van der Meulen I, van de Sandt-Koenderman WM, Heijenbrok-Kal MH, Visch-Brink EG, 
Ribbers GM. The efficacy and timing of melodic intonation therapy in subacute aphasia. 
Neurorehabil Neural Repair 2014; 28: 536–44. 
[43] Wan CY, Zheng X, Marchina S, Norton A, Schlaug G. Intensive therapy induces contralateral 
white matter changes in chronic stroke patients with Broca's aphasia. Brain Lang 2014; 136C: 1–
7. 
[44] Kim SJ, Jo U. Study of accent-based music speech protocol development for improving voice 
problems in stroke patients with mixed dysarthria. NeuroRehabilitation 2013; 32: 185–90. 
[45] Tamplin J. A pilot study into the effect of vocal exercises and singing on dysarthric speech. 
NeuroRehabilitation 2008; 23: 207-16. 
[46] Fogg-Rogers L, Buetow S, Talmage A, McCann CM, Leão SH, Tippett L, et al. Choral singing 
therapy following stroke or Parkinson's disease: an exploration of participants' experiences. 
Disabil Rehabil 2016; 38: 952–62. 
13 
 
[47] Tamplin J, Baker FA, Jones B, Way A, Lee S. 'Stroke a Chord': the effect of singing in a 
community choir on mood and social engagement for people living with aphasia following a 
stroke. NeuroRehabilitation 2013; 32: 929–41. 
[48] Zumbansen A, Peretz I, Anglade C, Bilodeau J, Généreux S, Hubert M, et al. Effect of choir 
activity in the rehabilitation of aphasia: a blind, randomised, controlled pilot study. Aphasiology 
(in press).  
[49] Cuddy LL, Sikka R, Vanstone A. Preservation of musical memory and engagement in healthy 
aging and Alzheimer's disease. Ann N Y Acad Sci 2015; 1337: 223-31. 
[50] Jacobsen JH, Stelzer J, Fritz TH, Chételat G, La Joie R, Turner R. Why musical memory can be 
preserved in advanced Alzheimer's disease. Brain 2015; 138: 2438-50. 
[51] Irish M, Cunningham CJ, Walsh JB, Coakley D, Lawlor BA, Robertson IH, et al. Investigating 
the enhancing effect of music on autobiographical memory in mild Alzheimer’s disease. Dement 
Geriatr Cogn Disord 2006; 22: 108-20. 
[52] Arroyo-Anlló EM, Díaz JP, Gil R. Familiar music as an enhancer of self-consciousness in 
patients with Alzheimer's disease. Biomed Res Int 2013; 2013: 752965. 
[53] El Haj M, Fasotti L, Allain P. The involuntary nature of music-evoked autobiographical 
memories in Alzheimer's disease. Conscious Cogn. 2012; 21: 238-46. 
[54] Simmons-Stern NR, Budson AE, Ally BA. Music as a memory enhancer in patients with 
Alzheimer's disease. Neuropsychologia 2010; 48: 3164-7. 
[55] Sung HC, Chang AM, Lee WL. A preferred music listening intervention to reduce anxiety in 
older adults with dementia in nursing homes. J Clin Nurs 2010; 19: 1056-1064. 
[56] Garland K, Beer E, Eppingstall B, O'Connor DW. A comparison of two treatments of agitated 
behavior in nursing home residents with dementia: simulated family presence and preferred 
music. Am J Geriatr Psychiatry 2007; 15: 514-21. 
[57] Clair AA. The effects of music therapy on engagement in family caregiver and care receiver 
couples with dementia. Am J Alzheimers Dis Other Demen 2002; 17: 286-90. 
[58] Narme P, Clément S, Ehrlé N, Schiaratura L, Vachez S, Courtaigne B, et al. Efficacy of musical 
interventions in dementia: evidence from a randomized controlled trial. J Alzheimers Dis 2014; 
38: 359-69. 
[59] Raglio A, Bellandi D, Baiardi P, Gianotti M, Ubezio MC, Zanacchi E, Granieri E, et al. Effect 
of active music therapy and individualized listening to music on dementia: a multicenter 
randomized controlled trial. J Am Geriatr Soc 2015; 63: 1534-9. 
14 
 
[60] Särkämö T, Tervaniemi M, Laitinen S, Numminen A, Kurki M, Johnson JK, et al. Cognitive, 
emotional, and social benefits of regular musical activities in early dementia: randomized 
controlled study. Gerontologist 2014; 54: 634-50. 
[61] Särkämö T, Laitinen S, Numminen A, Kurki M, Johnson JK, Rantanen P. Clinical and 
demographic factors associated with the cognitive and emotional efficacy of regular musical 
activities in dementia. J Alzheimers Dis 2015; 49: 767-81 
[62] Särkämö T, Laitinen S, Numminen A, Kurki M, Johnson JK, Rantanen P. Pattern of emotional 
benefits induced by regular singing and music listening in dementia. J Am Geriatr Soc 2016; 64: 
439-40. 
[63] Maguire LE, Wanschura PB, Battaglia MM, Howell SN, Flinn JM. Participation in active singing 
leads to cognitive improvements in individuals with dementia. J Am Geriatr Soc 2015; 63: 815-
6. 
[64] Satoh M, Yuba T, Tabei K, Okubo Y, Kida H, Sakuma H, et al. Music therapy using singing 
training improves psychomotor speed in patients with Alzheimer's disease: a neuropsychological 
and fMRI study. Dement Geriatr Cogn Dis Extra 2015; 5: 296-308. 
[65] Unadkat S, Camic PM, Vella-Burrows T. Understanding the experience of group singing for 
couples where one partner has a diagnosis of dementia. Gerontologist (in press). 
 
